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Abstract 
A high-speed video camera was used to study the patterns of transition flow in the rectangular channel of vertical 
upward cross-flow of air and water in horizontal tube bundles. Experiments were conducted using in-line tube 
bundles with a pitch-to-diameter ratio of 1.3 and 1.8. In bubbly flow process first captured S bubbly flow. Analyzing 
the mechanism of flow transition pattern, and a flow map was constructed as a function of gas and liquid superficial 
velocities. A comparative analysis of transition flow pressure difference fluctuation signal of different flow pattern of 
both tube bundles, the results show that: pressure differential signal at which bubbly to intermittent and intermittent 
to mist flow pattern transition showed a trend of decrease. The differential signal amplitude of large pitch ratio is 
larger than the small pitch ratio. Experiments have found that the gas and liquid superficial velocities to pressure 
differential signal fluctuation has obvious effect.  
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1.  Introduction 
Two phase gas-liquid flow exists in many heat exchanges equipment such as evaporators, condensers 
and nuclear reactor cooler. Different flow pattern has completely different flow characteristics, drag and 
heat transfer characteristics[1].Therefore, investigate flow patterns of gas-liquid has important theoretic 
value and practical significance. 
Recently, the rapid development of high speed photography has been widely applied in gas-liquid two 
phase flow of research. This method is accurate non-contact measurement, which can observe the transient 
flow pattern. Kondo and Nakajima [2] performed experiments on vertical air-water cross-flow in a 
staggered tube bundle and identified flow patterns by visual observation. They classified the observed flow 
patterns into bubbly, slug, froth and spray flows. Ulbrich and Mewes[3-4] have recently studied vertical 
two-phase flow of air-water across a horizontal tube bundles by utilizing a high speed video camera. They 
observed bubbly dispersed flow, intermittent flow, intermittent-dispersed flow, annular-dispersed flow and 
proposed a flow pattern map based on superficial gas and liquid velocities. 
In this article, by utilizing a high speed video camera, we analysed the information of transition flow 
pattern during the two kinds of in-line tube bundles, measured the differential pressure fluctuations signal 
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utilizing dynamic data acquisition system in different flow pattern and the differential pressure 
fluctuations in flow pattern transition process. 
2.  Experimental Facility and Approach 
The experiment have been carried on in the air-water two-phase flow laboratory, and the schematic 
diagram of experimental system was shown in Fig 1, which was constructed with three sections, namely 
fluid control system, image acquisition system and dynamic data acquisition system. Fluid control system 
is mainly composed of air compression machine, two phase compound machine, water pump, cyclone 
classifier, water chamber and experiment process. The water and air were compound as gas-liquid 
admixture from compound machine went though the experiment areas in order to acquire dynamic image 
and differential pressure signal, and then went into the cyclone classifier where released the air and 
recycling the water for circle usage. 
 
Figure1 Schematic of experimental setup 
Iimage acquisition systems include lighting systems and high speed viod systems.The light source 
system used three color fluorescent of 6400k color teperature for the flicker-free bright light .High speed 
video systes which developed by Swiss company can snap clear iamges of transient flow pattern for fast 
complex flow pattern variations. It’s the largest resolution is 1536*1024. The frames speed is to the 1000 
frames per second . The satisfactory flow regimes images are obtained by using two fulfuric papers 
behind the Plexiglas board for making light evenly distributed. Dynimic data acquisition system is mainly 
compose of constant voltage transformer, differential pressure transfer machine and data acquistion 
machine. The type of acquisition machine is IDTS-4516U with 16data channel and pressure transfer 
machine is Rosemount 3051S with 0.05% measuring accuracy. The acquisition time of dyniic differential 
pressure data in experiment is 8 seconds, acquisitionfrequency is 256HZ. 
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Figure2 The tube bundles layout in test section 
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Two different tube bundles were constructed for two-phase cross-flow test..One was a 10*4 in –line 
tube bundle with P/D=1.8., Other was a 10*6 in-line tube bundle with P/D=1.3. The rectangular shell 
made of Plexiglas measuring 180mm long by 700mm high by 65mm wide. The tubes bundles were 65mm 
long and 20mmO.D. Half tubes were installed on the text section side walls to minimize bypass leakage 
and to reduce the wall effects. Typical flow pattern images are acquired when the high speed camera’s 
resolution and frame frequency is set at 1056*1024 and 1000 correspondingly. 
Tableĉ The Ranges  of  Experimental  Parameters 
Parameters Ranges of parameters
pressure 1ζpζ2 atm 
temperature 10ζtζ20ć 
superficial liquid velocity 0.02ζUSLζ0.4 m/s
superficial gas velocity 0.03ζUSGζ1.1 m/s
3.  Analysis of Transition Flow across Tube Bundes Image 
At the range of this experiment, capture the flow pattern image of which bubbly to intermittent and 
intermittent to mist flowpattern transition. As it’s shown in figure 3. Bubbly to intermittent transition 
occurred at the condition of low superficial gas velocity(0.36<Usg<0.7m/s), but intermittent to mist flow 
pattern transition occurred at the superficial gas velocity range form 0.7m/s to 1.0m/s. The superficial 
liquid velocity of bubbly to intermittent pattern transition (0.05<Usl<0.34m/s) are wider than the 
transition of low superficial gas velocity, bubbles in the shape of approximately sphere or ellipsoid 
distributed evenly in continuous liquid and cross along the tube bundle faster than liquid velocity. Bubble 
size is very small, handly affected by the location of tube bundles, go straight along the direction of flow 
though the tube bundes.. In tube boundle , bubbly flow process with P/D=1.3, observed that with the 
increase of superficial fas velocity, bubbles forced on the suface of tube bundles at the effect of suface 
tension and flow upward along the tube bubbly suface in S track, as it’s shown in finger 4. S bubbly flow 
dose not occur in large pitch ratio tube bundles, so pitch ratio ia main reason to produce S bubbly flow. 
Meanwhile, the size of bubbles is influented by superficial liquid welocity,the large superficial liquid 
velocity, the smaller size of bubbles,the turbulent tension of mainstrean liquid is sufficient to break gas 
into small bubbles which distribut in liquid. Existing of  turbulent stress conquested buogancy, surface 
tension and other action of force which disrupted the bubbles and forbided the bubbles aggregated into 
small bubbly flow.. 
With the increasing of gas velocity, in the process of bubbles upward flow, bubble mutual collision 
coalesced and formed gas slug in the liquid phase and the gas slug is defined as a cotinuous gas 
phase,which encompases one or more pillars and uneven distributed in liquid in form of intermittent. As 
increasing of gas flow, the appearance ratio of big bubble also increasing., and the increase of gas velocity 
enable the flow between tube bundles intensity, the effect of combination and collision were reenforced. 
This flow pattern’s transition also influence by flow velocity, while superficial liquid velocity 
increase,.The combination of gas-liquid boosted up, which increasing the change for bubbles to collide 
and combinate and enable the transition to intermittent flow more easily. Bubbles in this flow rate, where 
the liquid inertia forces and shear are sufficient to overcome surface tension and break the gas-liquid 
interface. However, with diminishing interphase speed difference the inertial forces are typically ont 
enough to form smallbubbles. But shear forces can assist in breaking large bubbles. The fluctuations were 
ralatively intensity in small pitch flow, flow pattern was more easily to transform. 
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Bubbly to intermittent flow 
(Usg=0.3 m·s-1; Usl =0.2 m·s-1) 
Bubbly to intermittent flow 
(Usg=0.3 m·s-1; Usl =0.2 m·s-1) 
Intermittent to mist flow 
(Usg=0.6 m·s-1; Usl =0.2 m·s-1) 
Intermittent to mist flow 
(Usg=0.6 m·s-1; Usl =0.2 m·s-1) 
P/D=1.3 P/D=1.8 
Figure3 Image of transition flow 
Transitting to mist flow mainly depend on the gas ability to carry globule, the flow consists of gas 
core with thin liquid film flowing along the tube walls and pillar surface, a majority of liquid flowed 
upwards as thin liquid film manner. Eventually, at sufficiently high gas velocity, the thin films became 
wave and detached from the pillar surface. Occasionally, observed the bridges among the tube bundles of 
small pitch ratio. As the increasing gas velocity, the liquid bridges tended to break owing to the increasing 
of shear forces, inertial forces and the sufficient speed of gas. 
S bubble flow Liquid bridges 
Figure4 Image of S bubbly and bridges 
Figure 5 was constructed basing on the superficial gas velocity and superficial liquid velocity. The 
velocity of gas or liquid was the proportionality of its volume rate of flow and route cross-sectional area. 
Usg is superficial velocity, Usl is superficial liquid velocity. We can observe information form the figure 
that bubble flow occurred for intermediate superficial gas velocities(Usg<0.4̚1.0m/s), at most of liquid 
flow rate, mist flow was observed at Usg greater than 0.7m/s only, for low superficial liquid 
velocities(Usl<0.3m/s). The superficial gas velocity increased form 0.36 to 0.9m/s at bubbly to 
intermittent flow pattern transition occurred, for increasing superficial liquid velocity, Usl form 0.05 to 
0.4m/s. 
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Figure5 Flow pattern map 
4.  Analysis the Signal of Differential Pressure Fluctuation of Transition Flow across Tube 
Bundles 
Differential pressure fluctuations of two phase flow contain large number of informations about flow, 
differential pressure fluctuation signal can supply plenty of informations concerning about flow pattern 
objectively. Consequently, we can investigate the flow pattern on base of the statistical analysis point to 
differential pressure fluctuation of transition flow across tube bundles. Two kinds of transition flow across 
tube bundles signal were observed as showing in figure 6. In the figure, differential pressure fluctuations 
signal appeared a decrease tendency form bubble to intermittent and form intermittent to mist flow. A 
comparative analysis of trasition flow pressure difference fluctuation signal of different flow pattern of 
both tube bundles, the results show that: pressure differential signal at which bubbly to intermittent and 
intermittent to mist flow pattern transition showed a trend of decrease, The differential signal amplitude 
of large pithc ratio is large than the small pitch ratio. The reason is that two phase gas-liquid flow 
developed sufficiently at big pitch ratio condition but restrainted by tension turbulence of gas-liquid flow 
in small big pitch ratio. 
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Figure6 Two kinds of pitch bundles differential signal fluctuation 
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Superficial gas velocity had obvious in fluence on differential pressure signal fluctuations. At certain 
superficial liquid velocity, with increaseing of superficial gas velocity, the amplitude of differential 
pressure signal fluctuations descreased as well as differential pressure. Compared with P/D=1.3,tube 
bundles with P/D=1.8 was detected more regularity at pressure fluctuations,which mainly deceded by the 
character of tension boundles and fury flucuations at the small pitch ratio.At certasin superficial gas 
velocity, differential perssure fluctuations signal fluctuated intensively in the condition of high superficial 
gas velocity, the reason is that at high superficial gas velocity, the boost up of compound action enabled 
the bubble combinate and collide frequently, the big differential pressure fiuctuations signal was its reality 
embodiment. 
5.  Conclusions 
A At the help of high-speed image acquisition,we detected the transition flow pattern of bubbly to 
intermittent and intermittent to mist flow and analysised the evolve process of transition flow pattern. In 
small pitch ratio tube bundles first captured S bubbly flow. Establish the map of transition flow boundary 
basing the experimental data. 
B Studied differential pressure fluctuations signal of transition flow pattern process, we detected that 
bubbly to intermittent and intermittent to mist flow pattern transition showed a trend of decrease. A 
comparative analysis of differential pressure fluctuations process in both tube boundles showed that the 
differential signal amplitude of small pitch ratio is smaller than the big pitch ratio,and flucuated more 
intensively. 
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